(Right) The procephalic neuroectoderm and neuroblast cell cycle (clockwise). Prophase, metaphase with basal Numb (red) and Prospero (blue), anaphase/telophase, and interphase (Prospero translocates into the GMC nucleus, Numb remains membrane associated). Centrosomes, green. Apical is down. Hirata et al., 1995; Knoblich et al., 1995; . Prospero is a transcription factor that controls GMC-specific gene expression . numb encodes a membrane-associated protein that is necessary and sufficient to specify the basal daughter cell fate in the MP2 CNS precursor ; recently Numb has been shown to control cell fate in both the CNS and the peripheral nervous system by binding to the intracellular domain of the Notch receptor and inhibiting Notch-mediated signal transduction (Guo et al., 1996; Spana and Doe, 1996) . Thus, both Prospero and Numb are asymmetrically localized determinants that control cell fate.
In embryos lacking Inscuteable, all mitotic procephalic ectodermal cells show uniform cortical distribution of Prospero and Numb; ventral neuroblasts show either uniform distribution (24%) or randomly positioned crescents (76%) of Prospero/Numb (Figure 2 ; . Prospero and Numb are colocalized in the randomly-positioned crescents, but the crescents are Thus, Inscuteable has two independent functions: it is in apical localization and triggers a vertical spindle orientation. necessary and sufficent for triggering vertical spindle orientation, and it is necessary for basal Prospero/Numb cells (procephalic ectoderm and neuroblasts) but not in localization. horizontally dividing cells (ectoderm).
Mechanism of Inscuteable Localization Inscuteable Controls Spindle Orientation and
Previous work has shown that Prospero/Numb localizaLocalization of Cell Fate Determinants tion is largely independent of both microtubules and show that Inscuteable localization is microfilaments . In contrast, Inscunot only correlated with vertical spindle orientation, but teable localization is independent of microtubules, but that it is necessary and sufficient for establishing vertical absolutely requires microfilaments . spindle orientation (Figure 2 ). Embryos lacking InscuteaThis difference between the cytoskeletal dependence ble do not reorient the spindle from horizontal to vertical of Prospero/Numb and Inscuteable is illustrated by the in the procephalic ectoderm, and have a randomized presence of a Prospero crescent and absence of an spindle axis in ventral neuroblasts. Conversely, misexInscuteable crescent in the same mitotic neuroblast in pression of Inscuteable in ectodermal cells results in a Cytochalasin D-treated embryo . apical localization of the Inscuteable protein and a vertiThese results, taken together with the observation that cal spindle orientation. Thus, apical Inscuteable is suffiInscuteable protein contains predicted SH3 and ankyrin cient to trigger a vertical spindle axis in ectodermal cells domains, which are implicated in cytoskeletal interacthat otherwise divide horizontally. It is unknown how tions, raises the possibility that Inscuteable binds microapical Inscuteable protein establishes vertical spindle filaments or F-actin-binding proteins. The latter is more orientation, but it is tempting to speculate that it involves likely, because neuroblasts have a uniform distribution anchoring of one centrosome at the apical cortex. This is of cortical F-actin at the time of Inscuteable localization consistent with the transient localization of Inscuteable . during centrosome migration or reorientation, and with
The apical/basal polarity cues controlling Inscuteable its predicted ankyrin/SH3 domains that might mediate localization must be present in the ectoderm, because cytoskeletal attachment. apical localization of Inscuteable can be detected in In addition to controlling spindle orientation, Inscuteaectodermal cells before they form neuroblasts. Furtherble is required for the normal localization of two cell fate more, these cues may be common to all ectodermal determinants, Prospero and Numb (Figure 1) . Numb was epithelia: ectopically-expressed Inscuteable shows apiinitially identified as a gene controlling binary cell fates cal localization in lateral ectoderm that never produces in sensory organ cell lineages (Uemura et al., 1989) .
neuroblasts . Dividing neuroblasts Prospero and Numb proteins are asymmetrically localshow transient apical localization of Inscuteable during ized to the basal cortex of neuroblasts and specifically prophase/metaphase of each cell cycle, despite having lost most epithelial characteristics (e.g., apical junctions segregated into the GMC at mitosis (Rhyu et al., 1994;  and related proteins). Thus, the apical/basal polarity cues controlling Inscuteable localization are likely to be present in all ectodermal epithelia and maintained in dividing neuroblasts. With the rapidity of two hybrid screens, and the possibility of identifying genetic modifiers of the inscuteable phenotype, it is certain that we will soon have candidates for the apical/basal cues controlling Inscuteable localization.
Common Themes and Future Directions
Understanding the mechanisms that couple asymmetric localization of cell fate determinants and spindle orientation has come from Drosophila (reviewed here) as well as yeast and C. elegans (reviewed by Chang and Drubin, 1996; Rhyu and Knoblich, 1995) . In all three organisms, cell fate determinants controlling sibling cell fate have been identified (e.g., Ash1p in yeast, SKN-1 in C. elegans, and Prospero/Numb in flies), as well as mutations disrupting localization of these determinants (e.g. "she" mutants in yeast, "par" mutants in worms, and the inscuteable mutant in flies), yet, surprisingly, all genes sequenced to date are unrelated. Rapid progress can be expected following the cloning and characterization of homologous genes from each organism, as well as by using available genetic and biochemical methods to identify new genes controlling spindle orientation and asymmetric localization in each organism.
